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ANOVAAbstract Spatial and temporal variations ofmacrobenthic fauna in LakeNasser khors, were studied
at four subsequent seasons during 2013. Khor Tushka West recorded the highest average number
(597 Org./m2). It was decreased at khor Kursku (112 Org./m2) and Kalabsha (105 Org./m2) while it
reached the lowest at khorWadiAbyad (65 Org./m2). The highest average numberwas recorded during
spring (447 Org./m2). It decreased during winter (174 Org./m2) and summer (151 Org./m2), then
reached the lowest during autumn (107 Org./m2). Annelida, Arthropoda and Mollusca were the most
dominant groups in the lake during the study being 72.65%, 26.09%and 1.35%, respectively. The high-
est number of species (16) was observed at khor Kalabsha. This may be due to its nature of sandy bot-
tom. Biological indices showed high richness values of all the studies khors except khor TushkaWest.
These low values of indicesmay be due to the dominance of Annelids species especially,Limnodrilus
spp. and Branchiura sowerbyi. There is a positive correlation between these species and total annelids
with all physico-chemical parameters. The analysis of variance between the different khors based on
the main macrobenthic groups showed a highly signiﬁcant value ( p< 0.001).
ª 2014 National Institute of Oceanography and Fisheries. Hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Benthic macroinvertebrates are animals inhabiting the substra-
tum of lakes, streams, estuaries, and marine waters. In Lake
Nasser, benthic organisms are represented by 5 major groups,
namely, Annelida (oligochaetes), Arthropoda (Insecta and
Crustacea), Mollusca, Cnidaria (Hydrozoa) and Bryozoa
(Abdel Gawad et al., 2014). Freshwater benthic macroinverte-
brates include representatives of many oligochaetes, insects,
crustaceans, gastropods and bivalves (Merritt et al., 2008).They contribute in many important ecological functions, such
as decomposition, nutrient recycling, as well as serve an impor-
tant role in aquatic food webs as both consumers and prey
(Covicch et al., 1999; Vanni, 2002; Moore, 2006). Benthic
macroinvertebrate assemblages are structured according to
physical and chemical parameters that deﬁne habitat and other
biological parameters that inﬂuence their reproductive success
(Abdelsalam and Tanida, 2013). In addition, they provide a
more accurate understanding of changing in aquatic condi-
tions than chemical and microbiological data, which at least
give short-term ﬂuctuations (Ravera, 1998, 2000). Moreover,
the Water Framework Directive (WFD, 2006) demands the
establishment of biomonitoring programmes for European
aquatic ecosystems and includes macroinvertebrates as one
of the biological elements to be monitored.
416 H.R.A. Mola, S.S. Abdel GawadThe different groups of benthos serve as an important food
for various ﬁsh species in Lake Nasser (Latif, 1974; Iskaros,
1993). These authors found that chironomid larvae form the
major food items for Mormyrus kannume, Mormyrus caschive
and Chrysichthys auratus throughout the different seasons.
Synodontis schall and Synodontis serratus feed mainly on gas-
tropods, Bulinus truncatus and Physa acuta. Furthermore, they
report that nymphs of Odonata and Ephemeroptera, larvae of
Trichoptera, Corixidae are also infrequently recorded in the
guts of the above 5 ﬁsh species. Hydrocynus spp., particularly
Hydrocynus forskalii, subsists mainly on insect larvae (Iskaros,
1993; Mola, 2009). The changing of macrobenthic fauna in the
main channel was studied by many authors (Entz, 1978; Latif
et al., 1979; Latif, 1974; Fishar, 1995) while at Lake Nasser
khors was not studied for a long time on a wide scale except
Iskaros (1993) and El-Tantawy et al. (2003) who studied the
bottom fauna in khor Kalabsha only. Hence, the aim of the
present work is to study the abundance, species composition
and seasonal population dynamics of macrobenthic fauna in
different khors of Lake Nasser and its relation to some envi-
ronmental parameters.Material and methods
Area of study
The lake shoreline is very irregular, with numerous embay-
ments which are called khors (inundated valleys) the total
number of important khors are 85 of which 48 lie on the east-
ern side and 37 on the western one (Entz, 1974). The investiga-
tion includes selection for the study khors (Kalabsha, Wadi
Abyad, Kurusku and Tushka West). On the bases of quantita-
tive and qualitative analysis, the benthic fauna were sampled at
many stations of each khor (Table 1 and Fig. 1) during the
study period to elucidate the changing in macrobenthos distri-
bution. Field work was conducted seasonally during the period
from February, 2013 to November, 2013.
Collection and analysis of samples
Some physico-chemical parameters e.g. temperature, Electrical
conductivity (EC), pH were measured immediately by multi-
prob Hydrolab (Model CRISON-Spain). Transparency was
measured by Secchi disk and dissolved Oxygen was measured
according to APHA (2005). The bottom fauna was collected
by the Ekman Grab bottom sampler, covering an area of
about 0.03 m2. After collection the bottom fauna was washed
thoroughly in a small hand net of bolting silk (0.5 mm mesh
size) and picked in and preserved immediately in 10% neutral
formalin solution in polyethylene jars. In the laboratory,Table 1 Latitudes, longitudes average depths and nature of the bo
Khor name Kalabsha Wadi Abyad
Latitude 325102500E–32320400E 325704700E–33
Longitude 234101300N–232603200N 232403400N–23
Average depth 29 m 17 m
Nature of the bottom Sandy Sandy gravelsamples were washed again. However, each species was
counted separately. The bottom fauna was identiﬁed and
sorted into groups and species according to Edmondson
(1966), Brown (1980, 2001), and Bishai et al. (2000).Statistical analysis
Biological indices and similarity index were conducted with
PRIMER 5 (version 5.2.0) software. The correlation coefﬁ-
cient between different Physico-chemical parameters and the
dominant zooplankton groups was carried out by SPSS (ver-
sion 16) software. ANOVA two-way was conducted between
the different khors and the dominant macrobenthic groups
by SAS, 2004 program.Results
Physico-chemical parameters
The average pH values ﬂuctuated between 8.21 during spring
and 8.65 during autumn. Temperature ranged between
18.2 C during winter and 28.7 C during summer. Transpar-
ency ranged between 185 cm during spring and 257 cm during
winter while Electrical conductivity ranged between 189 and
228 lS/cm (Fig. 2). Dissolved oxygen was measured at the bot-
tom water layer of each khor. It was ﬂuctuated between 2 mg/l
at khor Kursku during summer and 7.8 mg/l at khor Tushka
West during autumn (Fig. 3). The data of physic-chemical
were cited from Tawfeek and Koriem (2014).
Abundance and distribution of the macrobenthic fauna
The maximum number (1421 Org./m2) of macrobenthic inver-
tebrates was recorded at khor Tushka West during spring
while the lowest number (36 Org./m2) was recorded at khor
Wadi Abyad during autumn (Fig. 4). The highest average
abundance was recorded at khor Tushka West (597 Org./
m2), followed by khor Kalabsha (105 Org./m2) and Kursku
(112 Org./m2) while the lowest abundance was recorded at
khor Wadi Abyad (65 Org./m2). At all seasons, the highest
average number was recorded during spring (447 Org./m2). It
decreased during winter (174 Org./m2) and summer
(151 Org./m2), then reached the lowest during autumn
(107 Org./m2). Annelida, Arthropoda and Mollusca were the
most dominant groups in the lake during the study being
72.56%, 26.09% and 1.35% respectively.
Species composition of the macrobenthic fauna in the Lake khors
The highest number of taxa and species was recorded at khor
Kalabsha (16 species). It decreased at khor Kursku andttom (some morphometry) for the studied khors.
Kurusku Tushka West
405600E 32190300E–322002900E 314505300E–313302700E
2004700N 223204500N–223302600N 223704200N–22350800N
32 m 22 m
Rocky Sandy mud
Figure 1 Map of Lake Nasser showing the selected khors during the study.
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Figure 2 Seasonal variations of some physico-chemical parameters (pH, temperature, electrical conductivity and transparency) during
the study.
Spatio-temporal variations of macrobenthic fauna 417Tushka West (15 species) and reached the lowest at khor Wadi
Abyad (13 species). Twenty species and taxa were recorded at
Lake khors during the study belonging to four phyla (Bryozoa,
Arthropoda, Annelida and Mollusca). Phylum Arthropoda (9species) and Annelida (7 species) were recorded as the highest
number of taxa and species while phylum Mollusca (3 species)
and Bryozoa (1 species) were observed the lowest (Table 2,
Fig. 5).
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Figure 3 Seasonal variations of dissolved oxygen (mg/l) in
bottom water layers of Lake Nasser khors during the year 2013.
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Figure 4 Seasonal abundance of the macrobenthic fauna (Org./
m2) in Lake Nasser khors during the year 2013.
418 H.R.A. Mola, S.S. Abdel Gawadkhor Kalabsha
Annelida formed the most dominant group (90.93%) at khor
Kalabsha while Arthropoda (8.49%) and Mollusca (0.58%)
formed the lowest percentages (Fig. 2). Seasonal variations
of Macrobenthic invertebrates (Fig. 3) of khor Kalabsha dur-
ing the study period showed a gradual decrease from season to
season. The highest numbers were recorded during winter
(151 Org./m2) and spring (131 Org./m2) while the lowest were
recorded during summer (74 Org./m2) and autumn (65 Org./Table 2 Checklist of benthic invertebrates recorded in Lake Na
=Not recorded): Elewa (1987), Iskaros (1988, 1993), Fishar(1995
Taxa and species (1987b) (1988 a
Phylum: Bryozoa
Class: Phylactolaemata
Fredericella sultana  
Phylum: Arthropoda
Class: Insecta
Chironomus sp.  +
Cricotopus sp.  +
Cryptochironomus sp. + +
Enallagma sp.  
Microtendipes sp. + +
Nilodorum sp.  +
Polypedilum sp.  +
Procladius sp. + +
Tanytarsus sp. + +
Cardina nilotica P.  
Phylum: Annelida
Class : Oligochaeta
Branchiura sowerbyi + +
Chaetogaster  
Limnodrilus + +
Limnodrilus + +
Nais sp.  
Pristina sp.  
Class: Hirudinea
Helobdella conifera (Moore, 1933)  +
Phylum: Mollusca
Class: Gastropoda
Bulinus truncatus (Audouin, 1827) + +
Valvata nilotica Jickeli, 1874 + +
Eupera ferruginea (Krauss, 1848)2  m2). During summer, Mollusca was recorded with few num-
bers (5 Org./m2) while Arthropoda was not recorded.
At khor Wadi Abyad, Annelida recorded the most domi-
nant group (77.57%). Arthropoda showed a relative increase
being 18.73% while Mollusca was the lowest dominant group
(3.7%). The highest average numbers were recorded during
winter (89 Org./m2) and spring (82 Org./m2) while the lowest
were recorded during summer (54 Org./m2) and autumn
(36 Org./m2). During spring, Mollusca was recorded
(27 Org./m2) while Arthropoda was not recorded.sser during the study and by different authors (+ = Present,
), Ibrahim and Mageed (2005) and Present study (2013).
nd 1993) (1995) (2005) Present study
+  +
+ + +
+ + 
+ + +
+  +
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Figure 5 The average percentage composition of macrobenthic
groups at all the studied khors during the study period.
Spatio-temporal variations of macrobenthic fauna 419Vice versa to all the studied khors, the highest dominant
group at khor Kurusku was Arthropoda (54.52%) followed
by Annelida (44.33%) while Mollusca was the lowest
(1015%). The highest average numbers were recorded
during spring (155 Org./m2). It decreased during summer
(102 Org./m2) and autumn (101 Org./m2) and reached the
lowest during winter (88 Org./m2). The maximum number of
Arthropoda (Insect larvae) was recorded at khor Kurusku
during summer being 306/Org./m2.
Mollusca were not recorded at khor Tushka West, this may
be due to the high turbidity of mud at this southern khorFigure 6 Percentage composition of macrobenthic groups at khor Ka
(TW) during the study.which coincided with the live nature of Mollusca. Annelid
formed the most dominant group followed by Arthropoda
being 77.42% and 22.58% with an average of 795 and
400 Org./m2, respectively. At all the studied khors, the highest
average number of Annelida and Arthropoda was recorded
during spring being 1533 and 1309 Org./m2, respectively
(Figs. 6 and 7).
Statistical analysis
Correlation coefﬁcient
The correlation coefﬁcient matrix between the most dominant
macrobenthic groups and species and some physico-chemical
parameters was conducted depending on the data collected
from all the studied khors. Total Annelida and the most dom-
inant annelid species recorded a positive correlation with all
the environmental parameters. The highest positive correlation
was recorded between dissolved oxygen and (Limnodrilus hoff-
meisteri, Branchiura sowerbyi) being (0.89 and 0.85),
respectively.
Arthropoda especially, Larvae of Trichoptera recorded a
negative correlation with all parameters except transparency
which recorded a positive correlation (0.41). Vice versa, Chir-
onomus larvae recorded a positive correlation with all param-
eters. Mollusca recorded a negative correlation with all
parameters except pH. Also a highly signiﬁcant negative
(0.95) correlation with dissolved oxygen was recorded. pH
recorded the highest signiﬁcant values at the level of
p< 0.05, it showed the highest positive (0.99) with the arthro-
pod Cryptochironomus sp. and the highest negative (0.99)
with the molluscs Eupera ferruginea.labsha (KL), Wadi Abyad (WA), Kurusku (KR) and Tushka West
Figure 7 Seasonal variations of macrobenthic groups at khor Kalabsha (KL), Wadi Abyad (WA), Kurusku (KR) and Tushka West
(TW) during the study.
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Figure 8 Seasonal variations of biological indices (Evenness, Shannon and Simpson) in the different studied khors of Lake Nasser
during the year 2013.
420 H.R.A. Mola, S.S. Abdel GawadBiological indices
Seasonal variations of total species, total individuals and bio-
logical indices reached the highest values during spring at all
the studied khors. However, it recorded high number of indi-
viduals at khor Tushka West, the biological indices not com-
puted statistically due to the dominance of one oligochaete
species (Limnodrilus spp.).
The highest number of total species (17 species) Species
Richness (2.3083), Shannon (1.9668) and Simpson (0.7914)
were observed at khor Kurusku while Shannon–Weiner indexrecorded the lowest value at the same khor during spring
(0.6942). The diversity index values showed a relative decrease
at khor Kalabsha and Wadi Abyad while it reached the lowest
values at khor Tushka West (Fig. 8).
Analysis of variance
The analysis of variance between the different khors based on
the main macrobenthic groups showed a highly signiﬁcant
value ( p< 0.001) in most of the analysis in all khors (Table 3).
The analysis of variance between khor Kalabsha and Wadi
Table 3 Analysis of variance (P value) between the different
khors based on abundance of the main macrobenthic groups.
Khor Arthropoda Annelida Mollusca Grand total
KL*WA 0.0742 0.0003 0.0019 0.0004
KL*KR 0.0001 0.0001 0.0052 0.0001
KL*TW 0.0001 0.0001 0.0052 0.0001
WA*KR 0.0078 0.0004 0.4226 0.0006
WA*TW 0.0001 0.0001 0.4226 0.0001
KR*TW 0.0001 0.0001 0.0000 0.0001
All khors 0.0001 0.0001 0.0001 0.0001
Note: p< 0.05 = Signiﬁcant, p< 0.01 = Very signiﬁcant,
p< 0.001 = Highly signiﬁcant, KL =Kalabsha, WA=Wadi
Abyad, KR= Kurusku, TW= Tushka West.
Figure 9 Similarity index between the studied khors of Lake
Nasser.
Spatio-temporal variations of macrobenthic fauna 421Abyad depending on Mollusca and between Wadi Abyad and
Kurusku depending on Arthropoda showed a very signiﬁcant
value ( p< 0.01). The analysis of variance showed a signiﬁcant
value between Wadi Abyad and Kalabsha ( p= 0.0742)
depending on the abundance of Arthropoda. It recorded the
highest signiﬁcant value (0.4226) Wadi Abyad and Kurusku
(WA*KR) and Wadi Abyad and Tushka West (WA*TW)
depending on the abundance of Mollusca. The analysis of Var-
iance between all the studied khors showed highly signiﬁcant
values ( p< 0.001) depending on the grand total of macroben-
thic invertebrates.
Similarity index
The highest similarity between the studied khors in the lake
was observed between khor Kurusku and khor Kalabsha
(96%). Khor Wadi Abyad showed low similarity (76%) with
khor Kurusku and khor Kalabsha. The lowest similarity
(38%) was observed between khor Tushka West and all the
other khors (Fig. 9).
Discussion
The variations of macrobenthic invertebrates were attributed
to the type of sediment grains especially at the southern part
(clay and silt) while they were observed as sandy bottom at
khor Wadi Abyad. This coincided with Iskaros and Dardir
(2010) who mentioned the highest densities of benthic biota,
particularly at Tushka, accompanied by clay and silt grains
and subsequently high content of organic matter. Contraryto that, they reached the lowest densities in the khors where
the types of sediments were mainly sandy with low organic
matter. The lowest number of macrobenthos at khor Wadi
Abyad may be due to the high percent of silt in sediment. This
observation agreed with Gindy (2010) who stated that the
highest average percent of silt (16.1%) at all khors was
observed at khor Wadi Abyad.
Twenty species and taxa were recorded whereas; two Anne-
lids (Oligochaeta) species; Nais and Chaetogaster were
recorded for the ﬁrst time in the lake. Brinkhurst and
Gelnder (2001) and Abdelsalam and Tanida (2013) reported
that the oligochaetes especially which afﬁliate to family Naid-
idae are truly cosmopolitan and widely distributed among dif-
ferent habitats. The highest number of taxa and species was
recorded at khor Kalabsha (16 species), it decreased at khor
Kursku and Tushka West (15 species) and reached the lowest
at khor Wadi Abyad (13 species). Although, the highest num-
ber was recorded at khor Tushka West, it showed a low variety
of groups and species and it was dominated by Limnodrilus
spp. This observation agreed with Iskaros (1993), Fishar
(1995) and Iskaros and Dardir (2010). Nevertheless, the mud
habitat was highly productive because it has high organic mat-
ter, burrowing (tube makers and builders), and soft substra-
tum (Merritt et al., 2008; Abdelsalam and Tanida, 2013).
Certain submerged macrophyte species which were previously
recorded during the early stages of Lake Nasser i.e. Potamog-
eton autesniloticus, by Latif (1984) were not recorded in any
recent study. Myriophyllum spicatum was considered the most
dominant macrophyte, new associated aquatic invertebrates
were recorded. This agreed with Ali et al. (2007) and Mola
(2009).
Annelida formed the most dominant group (72.64%) at the
lake khors while Arthropoda (26.17%) and Mollusca (1.43%)
formed the lowest percentages. This coincided with Ibrahim
and Mageed (2005) and Iskaros and Dardir (2010) and partic-
ularly coincided with the other previous studies. The predom-
inance of oligochaetes in the lake is possibly due to their ability
to adapt to various habitats and to their tolerance to low oxy-
gen content in anoxic conditions of the bottom sediment
(Iskaros and Dardir, 2010).
The highest average abundance was recorded at khor
Tushka West (597 Org./m2), followed by khor Kalabsha
(105 Org./m2) and Kursku (112 Org./m2) while the lowest
abundance was recorded at khor Wadi Abyad (65 Org./m2).
The lowest abundance in this khor might also refer to the nat-
ure of bottom. This agreed with Salem (2014) who recorded
the high percentage of gravels (33.13%) at khor Wadi Abyad.
At all seasons, the highest average number was recorded
during spring (447 Org./m2). It decreased during winter
(174 Org./m2) and summer (151 Org./m2), then reached the
lowest during autumn (107 Org./m2). Iskaros and Dardir
(2010) stated that a marked difference in the bottom fauna
stock was noticed during the four seasons. They also noticed,
that the main channel during spring reached its highest den-
sity, while the khors sustained the lowest densities. The abun-
dance of bottom fauna in the main channel during spring and/
or in the khors in summer was correlated with the amount of
organic matter. The present study recorded similar average
values and similar distribution with Ibrahim and Mageed
(2005) while it recorded low average values with many studies
(Iskaros, 1988, 1993; Fishar, 1995; El-Tantawy et al., 2003;
Iskaros and Dardir, 2010).
422 H.R.A. Mola, S.S. Abdel GawadLatif et al. (1979) found that the major component of Lake
Nasser was the oligochaetes, whereas that of Lake Nubia was
composed mainly of mollusks. This may be referred to the fact
that Mollusks need more time for formation and metamorpho-
sis than oligochaetes. Most ofMollusca were recorded as empty
shells, this may be due to the high turbidity and the change in
water level, especially, at the southern part of the lake. In addi-
tion to the deﬁciency of dissolved oxygen as mentioned by Entz
(1978) who stated that all bivalves already existing in the old
river bed died during the stagnation period because of lack of
oxygen. Flood considered as the most important factor affect-
ing on the abundance and distribution of fauna in the lake. Epi-
phytic fauna and ﬂora which are attached to submerged plants
play an essential role in the ﬁsh production in the shallow areas
(khors) in Lake Nasser (Abd El-Karim et al., 2009; El-Serafy
et al., 2009;Mola, 2009). Somemacrobenthic assemblages espe-
cially, Oligochaeta, Insecta and shrimps were observed and a
good selective index was recorded for the two economic ﬁshes,
Alestes sp. and H. forskalii (Mola, 2009).
It could be concluded that, Annelida, Arthropoda and
Mollusca were the most dominant groups in the lake during
the study. The predominance of oligochaetes especially Limno-
drilus spp. in the lake is possibly due to their ability to adapt to
various habitats and to their tolerance to low oxygen content
in anoxic conditions of the bottom sediment. The lowest abun-
dance of macrobenthos at all the studied khors was observed
during autumn (ﬂood season). For this reason, ﬂood is the
main factor affecting the distribution of bottom fauna of Lake
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